. Ambient concentrations (ng m -3 ) of the aerosol chemical components (mean±mean standard deviation) and their analytical detection limits (DL). Data are reported for the springtime samples collected at ground during: a) homogeneous profiles (HO); b) positive gradient profiles (PG); c) negative gradient profiles (NG); d) decoupled negative gradient profiles (DNG). Table S2 . Original size channels of OPC Grimm 1.107 calibrated with PSL spheres (left side) and corrected (right side, columnar average) for the ambient refractive index for spring and summer.
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Effect of absorbing and non-absorbing particles on eBC measurements
It should be noted that absorbing non-BC particles may contribute to the signal in Aethalometers (i.e. Brown Carbon, dust). However, BrC is characterized by negligible absorption in the infrared (Andreae and Gelencsér, 2006) , the wavelength range of the eBC measurements (micro-Aeth AE51 uses 880 nm). In this respect, Massabò et al. (2013) showed the potential contribution of BrC to the determination of eBC to be below 10%.
To estimate the possible influence of BrC on eBC measurements carried out during the spring 2011 campaign, the data collected with the micro-Aeth prototype at 370 and 880 nm were considered. Particularly, the Aethalometer model (Sandradewi et al., 2008) was applied to the apportionment of absorption due to both BC and BrC as reported in Massabò et al (2013) and in Shamjad et al. (2015) as follows:
where αBC and αBrC represent the Absoprtion Angstrom Exponents of BC and BrC, respectively. αBC was 1 as suggested by Massabò et al (2013) and Sandradewi et al. (2008) , while αBrC was set at 3.5 (Yang et al., 2009 ), 3.95 (Massabò et al., 2013 ), 6.6 (Shamjad et al., 2015 and 9.0 (Bikkina et al., 2013), respectively. With this inputs, the percentage of absorption coefficient at 880 nm due to BrC instead that BC was 8.5%, 5.8%, 0.5% and 0.1%, respectively. Thus, it is possible to estimate that the BrC positive artifact on eBC measurements was less than 10% during the campaign.
For what concern the non-absorbing particles, they can affect the attenuation by enhancing the backscattering of the filter plus aerosol system. In this respect, during the campaign the experimental protocol followed that reported in Ferrero et al. (2011) . All vertical BC profiles were conducted by changing the filter ticket regularly. As a result, ATN never achieved values higher than 20 during all profiles. This means that the total amount of aerosol collected on each filter during the vertical profile was very low making the effect of non-absorbing particles negligible.
cross-section used in the determination of the absorption coefficients, using the methodology reported in Weingartner et al. (2003) . Petzold et al. (2013) and references therein). SC13: Page 9: Filter-based methods are sensitive to absorbing and non-absorbing non-BC particles. Could you please add a few sentences about the uncertainties in your method as well?
ASC13: Considering the absorbing non-BC particles, different types of aerosol may in principle contribute to the signal in Aethalometers (i.e. Brown Carbon, dust) . However, BrC is characterized by negligible absorption in the infrared (Andreae and Gelencsér, 2006) , the wavelength range of the eBC measurements . In this respect, Massabò et al. (2013) (Sandradewi et al., 2008) was applied to the apportionment of absorption due to both BC and BrC as reported in Massabò et al (2013) and in Shamjad et al. (2015) as follows:
4 5!6 7 = ) 4 5!6 7 89 + ) 4 5!6 7 8;
where α BC and α BrC represent the Absoprtion Angstrom Exponents of BC and BrC, respectively. The value for α BC was taken to be 1 as suggested by Massabò et al (2013) and Sandradewi et al. (2008) , while α BrC was set at 3.5 (Yang et al., 2009 ), 3.95 (Massabò et al., 2013 ), 6.6 (Shamjad et al., 2015 and 9.0 (Bikkina and Sarin, 2013) 
Origin of air masses and vertical profile typology
Air mass origin is important when studying the Arctic aerosol. However, before trying to find a relationship between the shape of the vertical profile and air mass origin, it is necessary to consider that each profile shape is the result of an interplay among several processes: 1) transport events, 2) the planetary boundary layer dynamic and 3) the local formation of aerosol.
Among this, only the transport event process is strongly related to the air mass origin (some precursors transported may also affect secondary aerosol formation), while the final profile shape is the result of the specific combination of the aforementioned processes. Figure 7 in the manuscript represents a good example in which the same air mass originated two different typology of profiles. Particularly, the transported polluted air masses from mid-latitudes generated initially PG profiles that naturally evolved (due to the entrance into the PBL) into NG profiles.
Thus, the same air mass origin could be related to different profile classes.
Back-trajectories corresponding to each profile class were calculated carried out using the Hysplit 4 (rev. 513) model feeded by NCEP GDAS 1x1 degree meteorological data. The calculated back-trajectories were propagated for 168 hours (7 days). The calculated back-trajectories reached the sampling site at 900, 1100, 1300 and 1500 m a.g.l.. A cluster analysis was performed on all the computed trajectories. For each group all the clusters fulfilling the criterion of a minimum 30% percent change in total spacial variance were calculated and the representing trajectories evaluated and compared. The result is reported in Figure S6 . From Figure S6 it is possible to observe first that back-trajectories were close in the Arctic area during HO profiles. HO profiles are then representative for background conditions in the Arctic. Both PG and NG can be affected by transport from mid-latitudes. The same happened for DNG profiles, which are a special type of NG profiles. Figure 7 and discussed along section 3.3 and 3.4. However, they were mainly addressed to illustrate the differences between DNG profiles and the other profile classes. We modified the paper introducing the meteorological context for each profiles class. The air mass origins are addressed below and we refer to the following explanation also for the answer to your specific comment 9. We agree with you that air mass origin was shown and explained (in the manuscript) only for the case study reported in figure 6 and discussed in sections 3.3.2 and 3.3.3 
AGC4: Thank you for your comment, which supports the classification of aerosol profiles. The weather and meteorological conditions for each profile class were addressed in

